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ABSTRACT
We report on the results of a ∼40 d multi-wavelength monitoring of the Be X-ray binary
system IGR J05007-7047 (LXP 38.55). During that period the system was monitored in the
X-rays using the Swift telescope and in the optical with multiple instruments. When the X-
ray luminosity exceeded 1036 erg s−1 we triggered an XMM-Newton ToO observation. Timing
analysis of the photon events collected during the XMM-Newton observation reveals coherent
X-ray pulsations with a period of 38.551(3) s (1σ), making it the 17th known high-mass X-
ray binary pulsar in the LMC. During the outburst, the X-ray spectrum is fitted best with a
model composed of an absorbed power law (Γ = 0.63) plus a high-temperature black-body
(kT ∼ 2 keV) component. By analysing ∼ 12 yr of available OGLE optical data we derived a
30.776(5) d optical period, confirming the previously reported X-ray period of the system as
its orbital period. During our X-ray monitoring the system showed limited optical variability
while its IR flux varied in phase with the X-ray luminosity, which implies the presence of a
disk-like component adding cooler light to the spectral energy distribution of the system.
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1 INTRODUCTION
Be/X-ray binaries (BeXRBs) are a major subclass of high-mass X-
ray binaries (HMXBs) that accord the majority of accreting X-ray
pulsar systems. These systems are composed of a highly magne-
tised neutron star (NS), which accretes matter from a non super-
giant Be type donor star. Since a young stellar population is needed
in order to form such systems, their number within a galaxy is cor-
related with the recent star formation. BeXRBs are highly variable
in the X-rays exhibiting moderate (Lx ∼1036 erg s−1) or major out-
bursts (Lx ≥1037 erg s−1). The X-ray variability is attributed to their
irregular mass transfer mechanism, as accretion is fuelled by mate-
rial ejected from the Be star towards its equatorial plane, forming a
decretion disk around it. The spectral energy distribution (SED) of
OBe stars is composed of two distinct components, a hot compo-
nent originating from the stellar atmosphere and an infra-red (IR)
excess produced by the equatorial decretion disk (Dougherty et al.
1994). For a comprehensive review, of the major characteristics of
BeXRBs, we refer the reader to Reig (2011).
The Magellanic Clouds (MCs) offer a unique possibility to
study the population of high-energy sources in a whole galaxy.
Their moderate and well measured distances of ∼50 kpc for
the Large Magellanic Cloud (LMC) (Pietrzyn´ski et al. 2013) and
∼62 kpc for the Small Magellanic Cloud (SMC) (Graczyk et al.
2014) as well as their low Galactic foreground absorption (∼ 6 ×
⋆ Email: gevas@mpe.mpg.de
1020cm−2) makes them ideal targets for studying X-ray binary sys-
tems.
Within the last decade, numerous discoveries of new X-ray bi-
naries have been made by monitoring the MCs (and the whole sky)
in hard X-rays. The IBIS/ISGRI telescope (Ubertini et al. 2003) on
board the INTEGRAL satellite (Winkler et al. 2003) and the Burst
Alert Telescope (BAT, Barthelmy et al. 2005) on board the Swift
observatory (Gehrels et al. 2004) have had a significant contribu-
tion. On the other hand, X-ray surveys of the Magellanic Clouds
in the 0.3-10 keV energy band, like the XMM-Newton survey of
the LMC (PI: F. Haberl) and the SMC (PI: F. Haberl, Haberl et al.
2012; Sturm et al. 2013) or Swift/XRT observations during the UV
survey of both MCs (PI: S. Immler, Hagen et al. 2014), benefit
from their better angular resolution for identifying BeXRB candi-
date systems. In particular the high sensitivity and sufficient energy
resolution of XMM-Newton allows the spectral characterization of
the source and the identification of the optical counterpart.
The discovery of IGR J05007-7047 as an X-ray transient
was made with INTEGRAL in the 17-60 keV band while its
identification as a HMXB was based on a Chandra observation
(Sazonov et al. 2005). D’Aı` et al. (2011) reported a 30.77 d X-ray
periodic modulation based on Swift/BAT survey data. The opti-
cal counterpart of the X-ray source was identified as USNO-B1.0
0192-0057570 having a spectral type of B2 III (Masetti et al. 2006).
In the current study we present the results of the X-ray spec-
tral and temporal analysis of an XMM-Newton ToO observation that
was triggered during the period of maximum luminosity of a mod-
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erate X-ray outburst in November 2014. The XMM-Newton obser-
vation revealed coherent 38.55 s pulsations. Following the nomen-
clature introduced by Coe et al. (2005) for the BeXRB pulsars in
the SMC we suggest the alternative name LXP 38.55. Moreover,
we report the results of our optical and X-ray monitoring during
an orbital period of the system at the time of the X-ray outburst.
Finally, we present a complete analysis of the ∼12 yr optical light-
curve (LC) of the system as observed by the Optical Gravitational
Lensing Experiment (OGLE, Udalski et al. 2015).
2 ANALYSIS AND RESULTS OF X-RAY OBSERVATIONS
2.1 X-ray observations
We used Swift/XRT to monitor the most promising BeXRB can-
didate systems of the MCs (for most recent catalogues see:
Haberl & Sturm 2016; Antoniou & Zezas 2016) to search for an
X-ray outburst. We detected IGR J05007-7047 on 2014 October
26, at an X-ray Luminosity of ∼2×1036 erg s−1 in the 0.3-10.0
keV band. We continued monitoring the system with Swift/XRT
for a period of 40 days to achieve an X-ray coverage of about one
orbital period (30.771 d, see §3.3). During the maximum X-ray
luminosity we triggered one of our granted XMM-Newton antic-
ipated ToO (PI: R. Sturm) that was performed on 2014 Novem-
ber 20. Looking at archival data, the system was detected during
an XMM-Newton slew (Saxton et al. 2008) on 2006 November 29
(XMMSL1 J050045.3-704441) at an angular distance of 4.7′′(error
7.7′′) from the XMM-Newton ToO position (see §2.2). Moreover,
the system was also observed with Chandra on 2005 June 16. The
results of the Chandra observation were published in Sazonov et al.
(2005), but the derived luminosities were based on a power-law
model with photon index characteristic of an AGN (Γ = 1.4). Thus,
we re-analysed the Chandra observation in order to calculate the
luminosity of the system at the given time. The complete log of the
Swift, XMM-Newton and Chandra observations obtained and anal-
ysed for the current work is summarised in Table 1. The X-ray, op-
tical and near IR light curves of the system during our monitoring
are presented in Fig. 1.
2.2 X-ray position
The position of LXP 38.55 was determined from the XMM-Newton
ToO observation that provided the best statistics. X-ray images
were created from all the EPIC cameras using the XMM-Newton
standard energy sub-bands (Watson et al. 2009). Source detection
was performed simultaneously on all the images using the SAS
task edetect chain. The source position was determined to R.A.
= 05h00m46.s06 and Dec. = –70◦44′37.′′4 (J2000), with a 1σ statis-
tical uncertainty of 0.04′′. The total 1 σ positional error, however,
is dominated by the remaining systematic uncertainty assumed to
be 0.5′′ (see section 4.3 of Sturm et al. 2013).
2.3 Timing analysis
We used the SAS task barycen to correct the XMM-Newton EPIC
event arrival times to the solar-system barycentre. To search for a
periodic signal we used an epoch folding technique (Davies 1990;
Larsson 1996). We initially searched for a periodic signal in the
EPIC-pn event data. The detected signal was longer than the frame
time of the EPIC-MOS instrument (2.6 s), thus in order to increase
the signal-to-noise ratio we used the merged event list of EPIC-pn
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Figure 1. Multi-wavelength light curve of LXP 38.55 during a moderate
outburst that resulted in a trigger of an XMM-Newton ToO. Top panel
shows the Swift/XRT light curve during the November 2014 outburst, mid-
dle panel shows the GROND K band light curve during the same period.
Bottom panel shows the total OGLE-IV I band light curve, folded for a pe-
riod of ∼ 30.775 d. In all the panels the time between MJD 56965 and the
vertical dotted line denotes one ∼ 30.775 d optical period. In the top panel
the vertical dashed line indicates the time of the XMM-Newton ToO. The
dash-dotted line indicates the phase at which the XMM-Newton slew survey
detection was made.
and EPIC-MOS with the common good-time intervals for our tim-
ing analysis1. Additionally, we computed the Lomb-Scargle (LS)
periodogram (Scargle 1982; Horne & Baliunas 1986) of the binned
X-ray light curve, while performing Monte Carlo white noise sim-
ulations to calculate the significance of the derived period. Based
on 10000 simulated light curves we conclude that the measured pe-
riod is significant at a larger than 3σ level. In Fig. 2, we present
the inferred power density spectrum of LS method and the re-
sults of the epoch folding phase dispersion minimization statistical
test. To improve the result of our initial estimation and to estimate
the uncertainty of our solution, we followed Haberl et al. (2008b).
Based on a Bayesian periodic signal detection method introduced
by Gregory & Loredo (1996), we determined the pulse period with
its 1σ uncertainty to 38.551 ± 0.003 s.
By using the five standard energy bands (0.2-0.5, 0.5-1.0, 1.0-
2.0, 2.0-4.5, 4.5-10 keV), we can define four hardness ratios as
HRi = (Ri+1 − Ri)/(Ri+1 + Ri), with Ri denoting the background-
subtracted count rate in energy band i. The period-folded pulse pro-
files in the EPIC standard energy bands, together with the hardness
1 For the analysis the photon arrival times are randomised over the frame
time of each instrument.
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Table 1. X-ray observations log of LXP 38.55.
# OBS-ID Instrument a T start orbital phase b exposure c count rate d UVOT filter e AB magnitudes f
MJD [d] [s] cts s−1
XMM-Newton
1 Slew EPIC-pn 54068.2 0.87 6.6 1.05±0.3 g – –
2 0743910301 EPIC-pn 56981.611 0.54 22039 1.337±0.009 – –
EPIC-MOS1 56981.611 0.54 23701 0.469±0.006 – –
EPIC-MOS2 56981.611 0.54 23672 0.442±0.005 – –
Swift
1 00031846004 XRT 56956.025 0.71 662 0.068±0.014 u 14.46±0.02
2 00031846005 XRT 56966.903 0.06 1086 0.022±0.006 uvm2 14.46±0.02
3 00031846006 XRT 56968.232 0.10 869 0.019±0.007 u 14.45±0.02
4 00031846008 XRT 56972.560 0.25 1251 0.033±0.007 u 14.42±0.02
5 00031846009 XRT 56974.555 0.32 1036 0.038±0.008 uvm2 14.57±0.02
6 00031846010 XRT 56976.810 0.38 1076 0.087±0.012 u 14.44±0.02
7 00031846011 XRT 56978.474 0.44 1061 0.140±0.015 uvm2 14.44±0.02
8 00031846012 XRT 56980.671 0.50 966 0.130±0.017 u 14.41±0.02
9 00031846013 XRT 56982.233 0.56 167 0.14 ±0.04 uvm2 14.48±0.02
10 00031846014 XRT 56984.545 0.64 1900 0.098±0.009 u 14.44±0.02
uvw2 14.46±0.02
11 00031846015 XRT 56986.661 0.70 1286 0.069±0.010 uvm2 14.52±0.02
12 00031846017 XRT 56988.077 0.75 1179 0.076±0.011 u 14.48±0.02
13 00031846018 XRT 56990.520 0.83 867 0.032±0.008 uvm2 14.43±0.02
14 00031846019 XRT 56992.583 0.90 1011 0.026±0.007 u 14.43±0.02
15 00031846020 XRT 56994.658 0.96 4821 0.021±0.009 uvm2 14.44±0.02
16 00031846021 XRT 56996.444 0.02 1284 0.016±0.005 u 14.43±0.02
Chandra
1 6271 ACIS-I 53537.125 0.61 3415 0.200±0.008 f – –
a Observation setup: For the XMM-Newton ToO, full-frame mode was used for all EPIC instruments, while medium filter was used for the EPIC/MOS cameras
and thin filter for the EPIC/PN. For Swift/XRT the photon-counting mode (PC) was used.
b The zero orbital phase is selected to match Fig. 1 as MJD − 56965 d.
c Exposure time for XMM-Newton EPIC cameras, Chandra/ACIS, or total Swift/XRT exposure time of all snapshots taken within the duration of the obs-id.
d Vignetting corrected count rate in the 0.3-10.0 keV energy band.
e UVOT filter used during the Swift/UVOT integration.
f Swift/UVOT AB magnitudes, not corrected for extinction.
g count rate of the slew survey is given tin the 0.2-12 keV band.
ratios derived from the pulse profiles in two adjacent energy bands,
are plotted in Fig. 3.
2.4 Spectral analysis
We used xspec (version 12.8.2, Arnaud 1996) to perform the X-
ray spectral analysis. The XMM-Newton/EPIC cameras provided
a total of ∼ 35k counts enabling us to use χ2 statistics in the fit-
ting procedure. The three spectra were fitted simultaneously with
the same model with the addition of a scaling factor to account
for instrumental differences. For the EPIC-pn we fixed the scal-
ing factor at 1, while for both EPIC-MOS, we obtained values of
CMOS 1 = 1.03 ± 0.02 and CMOS 2 = 0.97 ± 0.02, which is consistent
with the expected values (see Stuhlinger et al. 2006, or the latest
version of the XMM-Newton calibration manual2). The X-ray ab-
sorption was modelled using the tbnew code, a new and improved
version of the X-ray absorption model tbabs (Wilms et al. 2000),
while the Atomic Cross Sections were adopted from Verner et al.
2 http://xmm2.esac.esa.int/external/xmm_sw_cal/calib/
cross_cal/
(1996). The photo-electric absorption was modelled as a combina-
tion of Galactic foreground absorption and an additional column
density accounting for both the interstellar medium of the LMC
and the intrinsic absorption of the source. For the Galactic photo-
electric absorption we used a fixed column density of NH,GAL =
0.847×1021 cm−2 (Dickey & Lockman 1990), with abundances ac-
cording to Wilms et al. (2000). We note that NH,GAL was not fixed
to the value provided by the Leiden/Argentine/Bonn (LAB) Survey
of Galactic HI (1.35×1021 cm−2, Kalberla et al. 2005), since this
value corresponds to the total Galactic and LMC column density
due to the filter used in the survey. The LMC intrinsic column den-
sity NH,LMC was left as a free parameter with abundances of 0.49 for
elements heavier than helium (Rolleston et al. 2002). All the uncer-
tainties were calculated based on a ∆χ2 statistic of 2.706, equivalent
to a 90% confidence level for one parameter of interest.
The spectra are well fitted by an absorbed power law (pho-
ton index Γ ∼0.58, x2
red = 1.05), however the addition of an addi-
tional component can improve the fit at low energies and smooth
out the residuals at higher energies (Fig. 4). It is not uncommon
for HMXBs to show an additional component in their X-ray spec-
trum. Hickox et al. (2004) provided several interpretations for the
origin of such emission that they refer to as soft excess. In the
MNRAS 000, 000–000 (0000)
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Figure 2. Left: LS power density spectrum created from the merged EPIC
data in the 0.2-10.0 keV energy band. The time binning of the input light
curve was 0.1 s. The best-fit period 38.551 s (frequency ω ∼ 0.02594 Hz)
is easily distinguished in the plot. The horizontal line denotes the 99.9%
confidence level of the simulated light-curves. Right: Results of the phase
dispersion minimization test (epfold). The epoch-folding test statistics Q is
defined as in Leahy et al. (1983). The second peak corresponds to a value
two times of the best fit period.
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Figure 3. Left: Pulse profiles of IGR J05007-7047 obtained from the
merged EPIC data in different energy bands. (For better statistics the first
two standard energy bands were combined in the top panel, while the
bottom panel shows all five energy bands combined). The profiles are
background-subtracted and normalised to the average count rate (from top
to bottom: 0.182, 0.426, 0.597, 0.493 and 1.70 cts s−1). Right: Hardness
ratios derived from the pulse profiles in two neighbouring standard energy
bands as a function of pulse phase.
case of intermediate X-ray luminosity systems like LXP 38.55,
this excess can be a result of reprocessing of hard X-rays from
the NS by optically thick accreting material located at the inner
edge of the accretion disk, by photo-ionized or collisionally heated
diffuse gas, or thermal emission from the NS surface. Moreover,
La Palombara et al. (2013a) showed that many X-ray pulsars show
a spectral feature that can be interpreted as black body emission
from a small region, most likely the polar cap of the NS. Multi-
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Figure 4. Pulse-phase averaged EPIC spectra of LXP 38.55. The top panel
shows the EPIC-pn (black), EPIC-MOS1 (red) and EPIC-MOS2 (green)
spectra, together with a best-fit model (solid lines) composed of an absorbed
power law with photon index Γ =0.63, a black body with 2.04 keV tem-
perature(dotted line), and a Gaussian line at 6.46 keV. The second panel
shows the residuals of an absorbed power law model (Γ =0.58). The third
panel shows the residuals for the fitted model of an absorbed power law
(Γ =0.64) plus multi-temperature disk black body model ( kT=0.1 keV ).
Bottom panel shows the residuals of the best fit model plotted in the top
panel. The residuals were rebinned for clarity while the spectra in the top
panel show the binning used for the spectral fit. We note that residuals at
∼2.2 keV are an instrumental feature, related to the Au layer on the mirrors.
ple components may contribute to the spectrum of LXP 38.55. Al-
though the simple power-law fit is already acceptable and the statis-
tical quality of the EPIC spectra does not require additional model
components, we test if emission components which are expected to
exist, improve the spectral fit. We restrict the model to a maximum
of two continuum components, i.e. a combination of the power law
with a thermal component. We found two solutions which improve
the fit at a) low energies (mainly below ∼1.5 keV) and b) higher
energies (above ∼2 keV).
For case a) both a single-temperature black-body (e.g.
BBodyRad in xspec) or a multi-temperature accretion disk (e.g.
EzdiskBB in xspec) with temperature (∼ 0.1 keV) provide the
same improvement in fit quality. It is however important to note that
each of the models implies a different physical origin for the radi-
ation process. As the normalization parameter of both components
translates to an emission region with radius3 of ∼200 km, it is more
physical to attribute the emission originating from a region close to
the inner radius of an accretion disk rather than a hot accretion col-
umn that reaches the NS surface. The statistical improvement of the
fit compared to an absorbed power-low model was estimated with
the ftest (probability for a value drawn from the F-distribution)
and was found to be ∼8 σ.
The best fit is provided by the combination of an absorbed
3 R =
√
Norm/ cos i ∗ Dist ∗ f 2 , where R is the inner radius of the disk in
km, Dist is the distance to the source in units of 10 kpc, i is the inclination,
and f = 1.4 is the color to effective temperature ratio
MNRAS 000, 000–000 (0000)
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Figure 5. X-ray HR vs Swift/XRT count rate (0.3-10 keV). HR was com-
puted based on the total counts in the low (0.3-2.0 keV) and high (2.0-10
keV) energy band for the duration of the monitoring. HR is defined again
as the ratio of the differences over the sum of the two energy bands, i.e.
HR = (Rh − Rl)/(Rh + Rl).
power-low plus a high-temperature black-body component with
temperature ∼2.04 keV (case b). This model improves significantly
the residuals of the fit at higher energies and provides a statistical
improvement above a 3.5 σ level compared the low temperature
black-body plus power law model. There is clear evidence of an
emission line present at 6.4 keV that originates from neutral Fe
(Kα line). The width of the line (σ ∼ 10−5 keV) was found to be
bounded by the spectral resolution of the instrument, thus we fixed
the width of the line to zero since an exact value could not be re-
solved. The parameters for the models described above are given in
Table 2.
We note that both the low and high temperature black-body
components improve the residuals on different parts of the X-ray
spectrum and account for different physical processes, thus in prin-
ciple they could co-exist in the system. However, modelling the
spectrum with a combination of three continuum components is not
statistically justified. Moreover, the use of three continuum compo-
nents together with the column density as free parameter adds de-
generacy to the solution. While we cannot exclude the existence of
more components in the spectrum, the available statistics does not
justify the use of a more complicated spectral model.
The Swift/XRT observations could not provide sufficient
statistics for modelling the X-ray spectrum, we were however able
to derive values for the hardness of the spectrum in two adjacent en-
ergy bands (0.3-2.0 keV vs. 2.0-10 keV) and compare this quantity
along the evolution of the burst. There was no significant evidence
for a monotonous change in the hardness of the spectrum with lumi-
nosity along the ∼40 day monitoring cycle (see Fig.5), but a rather
weak trend of the system becoming harder with increasing lumi-
nosity.
Table 2. results of the X-ray spectral modelling
Component Parameter Value units
Power-law plus High Energy Black body (T>1 keV)
tbnew*tbnew*(gaussian + bbodyrad + powerlaw)
tbnew nH 0.033+0.021−0.018 10
22cm−2
gaussian LineE 6.46+0.04−0.04 keV
EqWidth 0.047+0.04−0.10 keV
bbodyrad kT 2.04+0.28−0.3 keV
norm 0.020±0.005
R 0.7+0.08−0.09 km
powerlaw PhoIndex 0.63+0.12−0.08
Flux/Norma (7.7+1.0−1.3) 10−12 erg cm−2 s−1
Observed Fluxb 1.03×10−11 erg cm−2 s−1
Unabsorbed Luminosityc 3.03 ± 0.08 × 1036 erg s−1
χ2/DOF 0.98/1174
Power-law plus Low Energy Black body (T<1 keV)
tbnew*tbnew*(gaussian + bbodyrad + powerlaw)
tbnew nH 0.31±0.06 1022cm−2
gaussian LineE 6.46+0.04−0.04 keV
EqWidth 0.047+0.04−0.10 keV
bbodyrad kT 0.088+0.007−0.006 keV
norm 2300+2500−1300
R 240+100−80 km
powerlaw PhoIndex 0.60±0.03
Flux/Norma (10.92±0.15) 10−12 erg cm−2 s−1
Observed Fluxb 1.05×10−11 erg cm−2 s−1
Unabsorbed Luminosityc 3.38+0.11−0.13 × 1036 erg s−1
χ2/DOF 1.00/1174
Power-law plus low Energy multi-temperature disk Black body (T<1 keV)
tbnew*tbnew*(gaussian + EzdiskBB + powerlaw)
tbnew nH 0.34+0.05−0.08 10
22cm−2
gaussian LineE 6.46+0.04−0.04 keV
EqWidth 0.047+0.04−0.10 keV
EzdiskBB kTmax 0.099+0.011−0.006 keV
norm 340+300−210
inner R 215∓80 km
powerlaw PhoIndex 0.605±0.03
Flux/Norma (10.92±0.16) 10−12 erg cm−2 s−1
Observed Fluxb 1.05×10−11 erg cm−2 s−1
Unabsorbed Luminosityc 3.48+0.12−0.13 × 1036 erg s−1
χ2/DOF 1.00/1174
a Unabsorbed flux of the power-law component in the 0.3-10. keV energy band.
b Absorbed flux of the fitted model in the 0.3-10. keV energy band.
c Unabsorbed Luminosity of the fitted model in the 0.3-10. keV energy band, for
a distance of 50 kpc (Pietrzyn´ski et al. 2013).
3 ANALYSIS AND RESULTS OF OPTICAL DATA
3.1 SWIFT UVOT
Our Swift monitoring enabled us to measure the UV magnitudes
(using the Swift UV/Optical Telescope, UVOT). We used the de-
fault filter of the day for the Swift/UVOT instrument setup. This
MNRAS 000, 000–000 (0000)
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resulted in nine observations performed with the U filter (central
wavelength 3465 Å), seven with the UVM2 (2246 Å) and one with
the UVW2 (1928 Å). To derive the systems UV magnitudes we
used the uvotsource tool. A 5′′ radius was used for perform-
ing aperture photometry for all filters. No significant variation was
measured in any of the filters; the mean values for the derived mag-
nitudes were: 14.23±0.02 for the U, 14.12±0.05 for the UVM2 and
14.166±0.06 for the UVW2 filter.
3.2 GROND
LXP 38.55 was observed thirteen times between 2014 November 4
and December 2 with the Gamma-Ray Burst Optical/Near-Infrared
Detector (GROND; Greiner et al. 2008) at the MPI/ESO 2.2 m tele-
scope (La Silla, Chile). Seven bands were used, providing a cover-
age in both optical (g’, r’, i’ and z’) and near-IR (J, H and Ks)
wavelengths. Each individual observation consists of 24 dithered
exposures of 10 s in the near-IR and 4 dithered exposures in the
optical with various exposure times (35 s in the eight first epochs
and 66 s in the five last epochs), taken at a mean airmass of 1.3 and
a mean seeing of 1.4”.
Single dithered exposures were reduced (bias subtraction, flat-
fielding, distortion correction) and stacked using standard IRAF4
tasks implemented in the GROND pipeline (Kru¨hler et al. 2008;
Yoldas¸ et al. 2008). The astrometry calibration was computed on
single exposures against stars selected from the USNO-B1.0 cata-
logue (Monet et al. 2003) in the optical bands and the 2MASS cata-
logue (Skrutskie et al. 2006) in the near-IR bands, yielding an accu-
racy of 0.3” with respect to the chosen reference frame. The pho-
tometric calibration in the optical was computed against a close-
by field from the Sloan Digital Sky Survey (York et al. 2000) at
δ = −10 deg. This was observed five times over the entire obser-
vation run (including the first night) under photometric conditions.
From the calibrated images we extracted a grid of secondary photo-
metric calibrators for direct on-the-frame calibration on the subse-
quent nights. In the near-IR, the photometric calibration was com-
puted against 2MASS stars identified in the GROND field of view.
The accuracy of the absolute photometry calibration was 0.03 mag
in g’, r’, i’ and z’, 0.07 mag in J and H, and 0.05 mag in Ks. The
seven band light curves derived from the GROND observation is
presented in Fig. 6.
Having simultaneously obtained the photometry of the optical
companion from NIR to optical, we can construct its SED and look
for an IR excess. As BeXRBs are intrinsically variable in the opti-
cal, having both orbital and super-orbital variability, GROND data
offer us the unique opportunity to study the SED of such systems.
Moreover, since our Swift/UVOT fluxes showed no significant vari-
ability (compared to the NIR fluctuations) we can supplement
the GROND magnitudes with the UV data from Swift, construct-
ing an SED with (quasi-)simultaneous observations. To de-redden
the optical observations, we used the extinction curve given by
Misselt et al. (1999), which is most appropriate for the LMC. The
foreground Galactic reddening was set to E(B−V)Gal = 0.1062 mag
(Schlafly & Finkbeiner 2011). We used the Kurucz models of stel-
lar atmospheres (Kurucz 1979; Castelli et al. 1997) to fit the ob-
4 IRAF is distributed by the National Optical Astronomy Observatories,
which are operated by the Association of Universities for Research in
Astronomy, Inc., under cooperative agreement with the National Science
Foundation.
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Figure 6. GROND light curves in seven filters.
Figure 7. Spectral energy distribution of LXP 38.55. From left to right the
three Swift/UVOT and the seven GROND optical and NIR fluxes are plotted.
The plotted line corresponds to the Kurucz model with T=22000 K, log z =
−0.05 and log g = 3.5.
served photometry, while constraining the metallicity to that of the
LMC ([Fe/H]=-0.5).
The spectral types of the optical counterparts of BeXRBs in
the SMC are reported to be in the range between O5 and down to
B9 (Coe et al. 2005). However, in the new compilation of spectral
types by Haberl & Sturm (2016) only stars with uncertain classi-
fication may have types as late as B5. There are no B6, B7 or B8
counterparts and only one B9 which may cast doubts on the spectral
classification or the correct identification. This makes the spectral
type distribution more similar to that of the Galaxy which seems
to end at B3. A B2 III star, like our system in study, is expected
to have a temperature of ∼21500 K (Cox 2000), thus we limit the
temperature parameter to the range of 20000-24000 K. We note
MNRAS 000, 000–000 (0000)
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Table 3. NIR excess attributed to the Be disk.
filter central wavelength Fobserved/Ftemplate a Fexcess
Å µJy
i 7640.0 1.24+0.08−0.07 582
+180
−170
z 8989.3 1.42+0.10−0.10 779
+190
−180
G 12560.9 1.88+0.25−0.22 988
+290
−250
H 16467.1 2.14+0.32−0.28 848
+240
−210
K 21512.4 2.20+0.24−0.21 625
+120
−110
a The ratio was computed based on the best fit model and the
observed flux during the first night. The uncertainties were computed
accounting for both the observational uncertainties and the systems
variability.
that the decretion disk of a Be star can account up to 50% of its
total luminosity (de Wit et al. 2006), thus stellar atmosphere mod-
els are expected to generally produce poor fits to the variable SED
of those systems. A brute force fit of a stellar atmosphere model
to our data without accounting for any prior knowledge of the sys-
tems properties (spectral type or distance) produces questionable
results. This method delivers a best fit model of a much cooler than
expected star (T∼10000 K) and at a much closer distance than that
of the LMC. By limiting the temperature parameter search grid to
the range of 20000-24000 K, and by excluding the optical and NIR
GROND data from the fit we can achieve a good fit, where the
normalization and the radius of the star describe our prior assump-
tions. The best derived model was that of a star with temperature
of 22000 K and surface gravity log g = 3.5. The fitted SED of the
system is presented in Fig. 7. From the fitted model it is clear that
the contribution of the disk is not restricted to the NIR magnitudes
but affects the optical emission of the system as well.
To stress the importance of UV measurements to the SED fit-
ting we repeated the above exercise by using only the GROND
magnitudes. We then get a best fit model of a star with a tem-
perature range of 8500-9500 K, with a normalization pointing to
a source located much closer than the LMC distance. This suggests
the presence of a cool disk that contributes to the SED of the B
star. Further investigation of the contribution of the disk in the SED
of the star lies beyond the scope of the present work as it requires
precise modelling of the decretion disk.
3.3 OGLE
The Optical Gravitational Lensing Experiment (OGLE) started
its initial observations in 1992 (Udalski et al. 1992) and contin-
ues observing till today (OGLE IV, Udalski et al. 2015). Observa-
tions were made with the 1.3 m Warsaw telescope at Las Cam-
panas Observatory, Chile. Images are taken in the V and I filter
pass-bands, while the data reduction is described in Udalski et al.
(2015). OGLE photometric magnitudes are calibrated to the stan-
dard VI system.
In the present work, we used the OGLE I and V band mag-
nitudes for the counterpart of LXP 38.55 that were taken between
Modified Julian dates (MJD) 52166 and 57275. The latest I and V
band light curves are shown in Fig. 8. The photometric data can
be downloaded from the OGLE-IV real time monitoring of X-ray
sources web-page5 (Udalski 2008). For the OGLE I band magni-
tudes we computed periodograms by using the Lomb-Scargle algo-
rithm (see Fig. 9). We searched for periodicities up to half of the
total OGLE observing period, which at the time of the analysis was
∼5108 d.
By using the ∼14 year of available OGLE observations in
the I band we were able to derive a refined orbital period of
30.776±0.005 d (see Fig. 9). Additionally, a 410 ± 18 d super-
orbital quasi-periodic modulation can be seen in the data. We note
that the super-orbital modulation should not be treated as a peri-
odic signal like the orbital modulation, its nature is probably related
to the precession of the Be disk. Period uncertainties were com-
puted using the bootstrap method and repeating the calculations
for 10000 light curves. Both orbital and super-orbital modulations
are confirmed well above a 99% confidence level by performing
10000 white and and red noise (using REDFIT, Schulz & Mudelsee
2002)6 simulations. Due to the limited OGLE coverage (∼ 12
super-orbital periods) and the gaps in the light curve the uncer-
tainty on the super-orbital solution is high. Following equation 14
of Horne & Baliunas (1986) we estimate an uncertainty of about
∼ 40 d for the super-orbital solution. This value is different from
the uncertainty computed by the bootstrap method and is only used
as an estimator of the effect of the length of the data to the deter-
mination of the periodic solution. Observations spanning over a N
times larger interval would decrease this uncertainty by a factor of
∼ N3/2, e.g. by doubling the coverage we would only improve the
uncertainty to 14 d. The shape of the ∼ 410 d fundamental peak of
the Lomb-Scargle periodogram is affected by both the length of the
data set (see Fig. 6 & 7 of Rajoelimanana et al. 2011) and the 365 d
yearly periodicity that is expected to be found in the OGLE data.
The final super-orbital period was derived by performing Monte
Carlo simulations and fitting the fundamental peak of the Lomb-
Scargle periodogram with a Gaussian profile. During the OGLE-III
phase (MJD < 55000 d) the system exhibits high long term vari-
ability in addition to its orbital and super-orbital periodicities. By
analysing data from multiple epochs (1-2 y intervals) we conclude
that there has been no statistically significant change in the orbital
period within the investigated time intervals. We note that the or-
bital period is detected during the OGLE-III phase only at a low
significance level (∼50% confidence level) and it can be easily dis-
missed by automatic detection algorithms.
Figure 10 indicates that the system becomes redder when
brighter. This colour modulation can be attributed to the presence
of a decretion disk around the Be star, as a face-on configuration of
the disk is expected to cause this modulation (for similar examples
see Rajoelimanana et al. 2011).
4 DISCUSSION
By monitoring the BeXRB system IGR J05007-7047 we were able
to promptly trigger an XMM-Newton ToO. Timing analysis of the
photon events collected during the XMM-Newton ToO reveals co-
herent X-ray pulsations (see Fig. 2) with a period of 38.551(3) s
(1σ), making LXP 38.55 the 17th known HMXB pulsar in the LMC
(see Antoniou & Zezas 2016, and references therein). During the
outburst, the X-ray spectrum is well represented by an absorbed
5 XROM: http://ogle.astrouw.edu.pl/ogle4/xrom/xrom.html
6 REDFIT: http://www.ncdc.noaa.gov/paleo/softlib/redfit/
redfit.html
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power law (Γ = 0.85), however we argue for the presence of addi-
tional components that can both improve the residuals of the fit and
account for known physical processes resulting in X-ray emission
from BeXRB systems. Our analysis indicates that a model com-
posed of an absorbed power-law plus a high-temperature black-
body (kT ∼ 2 keV) model (Fig. 4) improves the fit. A model com-
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Figure 10. LXP 38.55 OGLE colour magnitude diagram. For comparison
the phase folded I-V colour light curve is plotted on the right, while the
phase folded I band light curve is plotted on top of the plot. Both light curves
are folded for the ∼30.776 d period. The group of observations performed
between “MJD 56100“ and “MJD 56500“ when the optical luminosity of
the system was at its lowest stage follows the same modulation in lower
luminosities, see group of points with I mag > 14.68 on the left of the main
plot.
posed by an absorbed power law (Γ = 0.6) and a multi-temperature
low-temperature disk black body (kT∼ 0.1 keV) provides an ac-
ceptable fit but only improves the residuals at lower energies. The
tested models can help us to study different emission mechanisms
and understand the physical properties of different regions in the bi-
nary system, like the accretion column towards the magnetic poles
of the neutron star, or the inner edge of the accretion disk at the
outer parts of the magnetosphere.
The normalization of the best fit model with a high-energy
black-body component yields an accretion region with a radius
of 0.7 km, and can be interpreted as emission from a polar cap.
MNRAS 000, 000–000 (0000)
Multi-wavelength properties of IGR J05007-7047 (LXP 38.55) 9
The normalization of the multi-temperature black-body component
translates to an emitting region with a size of ∼ 200 km, which
could be the inner region of an accretion disk around the NS.
Another possible explanation is that this low temperature multi-
temperature black-body component originates from reprocessing
of X-rays in the inner part of the accretion disk. Hard X-rays orig-
inating from the NS can illuminate an area at distance Rir under a
solid angle Ω. This radius is different than the one computed from
the normalization of the black-body and can be calculated from
Rir = (4πσT 4BB/Lx)−1/2 (Hickox et al. 2004), where Lx is the to-
tal X-ray luminosity and TBB is the temperature of the black-body.
From fitted parameters we calculate a radius of ∼ 600 km.
Expressing the X-ray luminosity in terms of mass accretion
rate we find ˙M = 3.5 × 10−10 M⊙ year−1 using a typical accretion
efficiency value of 0.2 (Sibgatullin & Sunyaev 2000). Assuming
the magnetospheric radius of the NS has the same size as the accre-
tion disk inner radius we can make an order of magnitude estima-
tion of the magnetic field strength of the NS. Following Frank et al.
(2002), for an X-ray luminosity of 4×1036 erg s−1, a magneto-
spheric radius of 200 km and typical values for the mass and ra-
dius (MNS=1.4 M⊙ and RNS=12.5 km) we derive a magnetic field
strength of 1010 G. Moreover we note that the magnetospheric ra-
dius is much smaller than the corotation radius of the NS, which
is Rco = (G MNS P2spin π−2/4)1/3 = 1.9 × 104 km, where Pspin is the
spin period of the NS. If we assume that the accretion originates
from a Keplerian disk with inner radius r where the velocity of the
disk exceeds the spin angular velocity of the NS, we conclude that
the interaction between the Keplerian disk and the NS results in a
spin-up of the system (accretor regime).
The 30.77 d optical modulation can be attributed to the or-
bital period of the NS-Be star system. This modulation is associ-
ated to the truncation of the Be disk due to gravitational interaction
with the NS during an orbital revolution. The colour modulation
–redder when brighter– is also a result of changes in the decre-
tion disk around the Be star. A face-on geometry of the disk is ex-
pected to cause the above behaviour (Rajoelimanana et al. 2011).
Similar behaviour has been encountered in numerous BeXRB sys-
tems, like XMMU J010743.1-715953 (Coe et al. 2012), LXP 168.8
(Maggi et al. 2013), LXP 8.04 (Vasilopoulos et al. 2014) or isolated
Be Stars in the SMC (de Wit et al. 2006). The disk adds cooler light
to the stellar emission of the B Starwithout obscuring the star it-
self (face-on geometry), while variations in the disk size or radius
within the binary orbit result in a variable SED. This is also notice-
able in the GROND observations where the optical part of the SED
(dominated by the B star) is much less variable than the IR (larger
contribution from the Be disk).
The long term optical variability (super-orbital) is believed to
be related to the formation and depletion of the circumstellar disk
around the Be star (Rajoelimanana et al. 2011). The ∼ 30.77 d or-
bital modulation was still present in all the available data, and the
same colour modulation –redder when brighter– was detected (see
Fig. 10). During the OGLE-III phase the system exhibited high
long-term variability evident of a variable Be disk. There is no ev-
idence for significant changes in the size of the disk during the
OGLE-IV epoch, where the amplitude of orbital modulation in the
optical band is comparable to the long term variability of the sys-
tem. Multi-epoch observations in the X-ray and optical would allow
for a comparison between the long term X-ray and optical variabil-
ity, unfortunately all the available X-ray observations where per-
formed when the OGLE I band magnitude of the system was be-
tween 14.55 and 14.7.
By comparing the available X-ray observations that were per-
formed on times separated by more than one orbital period, but cor-
respond to the same orbital phase we can advocate about the long
term X-ray variability of the system. The XMM-Newton slew detec-
tion was performed at a phase when only Swift observations were
available (phase 0.87 of Fig. 1 & 9). By comparing their fluxes we
derive that at the time of the XMM-Newton slew detection the lumi-
nosity of the system was higher by a factor of 3.3 ± 1.0 compared
to the one measured with Swift. The Chandra observation of the
system was performed on MJD∼53537.1 d corresponding to phase
0.61. The luminosity of the system was found to be ∼2.6×1036 erg
s−1 in the 0.3-10.0 keV band. By comparing the reported luminos-
ity to the Swift luminosity corresponding to the same orbital phase
we found that the system was brighter by a factor of ∼ 1.1 dur-
ing the Swift/XRT monitoring performed on November 2014. Our
data confirm the findings of D’Aı` et al. (2011) that the systems long
term X-ray emission is persistent within a variability factor of ∼3-4,
which is lower than the orbital variability (variability factor ∼ 10).
Our Swift/XRT monitoring was performed when the average
OGLE I band magnitude of the system was ∼14.65. Based on the
SED modelling we found that in the I band the system has an excess
of ∼24% compared to the template flux of a B star with same tem-
perature (see Tab. 3). Interestingly this translates to a difference of
∼0.23 in magnitude, which is exactly the difference between the av-
erage I magnitude during our monitoring and the lowest flux level
observed in the OGLE I band; I mag of 14.88 at MJD 52930 d.
This might be evident of an epoch where the Be disk was almost
completely depleted.
D’Aı` et al. (2011) reported the system as a possible wind fed
X-ray system, but our results reveal the presence of a cooler com-
ponent in the SED of the companion star suggesting that this is
a NS pulsar with a Be companion. Moreover, the hot thermal ex-
cess in the X-ray spectrum adds to the population of BeXRB sys-
tems sharing this feature. Recently La Palombara et al. (2013b) re-
ported a population of long spin (>200 s), low luminosity (L∼1034
erg s−1), X-ray persistent Galactic BeXRBs systems showing this
characteristic feature. A similar hot thermal excess was also found
in the X-ray spectra of other BeXRBs in the Magellanic Clouds
during moderate outbursts with L∼1036 erg s−1 (Vasilopoulos et al.
2013; Bartlett et al. 2013). LXP 38.55 is likely another example of
such a system, showing evidence of a hot black-body component
at higher X-ray luminosity, suggesting the black-body component
is more common and not limited to the population originally pro-
posed by La Palombara et al. (2013b). It is not clear if this feature
is model dependent, but the physical parameters derived from such
a phenomenological spectral treatment where the degeneracy of the
fitted parameters is significant should be treated as order of mag-
nitude approximations. Yet the study of such systems in the Mag-
ellanic Clouds has the major advantage of the low column density
in the line of sight, thus through the study of these systems we are
able to improve the modelling of their X-ray spectrum and derive
stringent constraints on our findings.
The position of LXP 38.55 in the Corbet diagram
(Knigge et al. 2011) lies close to the best fit line derived
from the population of confirmed MC pulsars (see Fig. 11).
Looking at the properties of other BeXRB systems located near
LXP 38.55 in the Pspin vs. Porbit diagram, we found no notable
similarities between them and the newly reported system. Most
of these systems show much larger long term X-ray variability,
with variability factors ∼1000, as expected for such short-spin
systems (Haberl & Sturm 2016). However since LXP 38.55 is a
newly discovered system, future observations might reveal a higher
variability factor. Moreover the lack of deep X-ray observations
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Figure 11. Corbet diagram of the LMC (black circles), SMC (red squares),
and Milky Way (blue diamonds) HMXB pulsars. Open symbols denote SG-
XRB systems while filled indicate BeXRB systems. The black star points
to the position of LXP 38.55. The green box indicates the locus where most
of the BeXRB pulsars are found. The best fit lines of the three groups are
produced from points within this area and have slopes of ∼1.5, ∼1.2 and
∼1.5 respectively.
during their peak luminosity prohibits us from comparing their
X-ray spectral properties. SXP 25.55 (Haberl et al. 2008a) with an
orbital period of 22.5 d (Rajoelimanana et al. 2011) is an SMC
BeXRB pulsar located very close to the position of LXP 38.55
in the Corbet diagram. An XMM-Newton spectrum is available
for this system, but its peak luminosity is about 30 times smaller
than that of LXP 38.55, while its spectrum is affected by stronger
absorption. LXP 28.28 (S¸ahiner et al. 2016) is the closest LMC
system having an orbital period of ∼ 27.1 d. (Coe et al. 2015).
5 CONCLUSION
A triggered XMM-Newton ToO observation of the candidate
BeXRB system IGR J05007-7047 located in the LMC revealed co-
herent X-ray pulsations with a period of 38.551(3) s. The X-ray
spectrum of the system can be described by an absorbed power-
law (Γ ∼ 0.63) plus a hot black body component (∼ 2.04 keV)
that can be interpreted as black body emission from a small region,
most likely the polar cap of the NS. Additionally there is a statisti-
cally significant evidence for a soft excess that can originate from
a region close to the magnetospheric radius and is a result of repro-
cessing of hard X-rays emitted by the accretion column of the NS.
Analysis of optical data confirms the 30.776(5) d orbital period that
was previously reported. By using simultaneously obtained optical
and NIR data we constructed the SED of the binary system that re-
veals the presence of a decretion disk around the massive optical
companion of the NS. Our analysis confirms LXP 38.55 as the 17th
HMXB pulsar in this star forming galaxy.
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